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Siudifs  on  the  Acquisition  of  Temporal  Codes  for  Words  Within  A l,i.-,L 


Benton  I.  Underwood  6i  Hubert  A.  Malini 

When  a relatively  discreet  event  occurs,  the  memory  lor  that  event  may 
carry  information  which  reflects  the  point  in  time  at  which  the  menior'-  ■■  •.s 
establ  istied . thus,  it  is  said  that  memories  may  be  temporally  coined.  Many 
ol  our  laboratory  tasks  differ  in  the  demands  placed  on  temporal  codin'.-. 

Si  rial  learning  and  free-recall  learning  differ  in  that  in  the  for'-'ei  , I'l 
call  must  be  ordered  to  correspond  to  presentation  order,  whereas  thco  a 
not  required  in  the  latter  type  of  learning.  Still,  free-recall  learning 
requires  a distinction  between  words  presented  lor  study  and  other  words 
not  presented,  a distinction  which  in  recognition  tests  is  identified  ex- 
plicitly with  the  temporal  terms  "old"  and  "new."  Retroactive  and  proactive 
inhibition  between  two  lists  may  result  in  part  from  tlie  lack  of  (or  loss  ol ) 
information  concerning  tl>e  order  of  the  lists  in  learning. 

Certain  issues  and  problems  associated  with  attempts  to  understand  tin- 
development  of  temporal  codes  for  memories  were  identified  in  a previous 
report  (Underwood,  1977).  The  studies  to  be  presented  here  represent'  efforts 
to  clarify  certain  of  the  issues,  and  also  to  make  some  theoretical  tests 
i)i  mechanisms  prt:sumed  to  be  involved  in  temporal  coding.  As  implied  above, 
(tnipor.il  coding  may  be  studied  for  successively  presented  lists  of  words 
(leinpui.il  differentiation  among  lists),  or  for  successively  presented  words 
within  .1  list.  Our  experiments  were  concerned  exclusively  with  the  temporal 
knowledge  for  individual  words  within  a list.  The  purposes  and  backgrounds 
ol  till  six  experiments  Were  somewhat  diverse.  Therefore,  each  will  be  given 
a Separate  i ntroduc t ion . 
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Experinu-nt  ] 

Three  response  measures  have  been  used  to  index  temporal  codinj;  for 
words  within  a list.  The  description  of  each  assumes  that  the  subject  lias 
been  shown  a list  of  words  singly  for  study.  The  response  measures  differ 
because  different  questions  are  asked  of  the  subjects.  The  first  response 
measure  to  be  described  will  be  called  position  judgments.  On  the  test. 

Words  from  the  list  are  shown  the  subjects  and  they  are  asked  to  identity  tlie 
|)osition  held  by  each  on  the  study  trial.  The  exact  position  may  be  ri-qui'sied, 
or,  more  grossly,  the  subjects  may  be  asked  to  identify  the  portion  of  the 
list  in  which  the  word  occurred,  when  portions  represent  tenths  or  perliaps 
eighths . 

The  second  response  measure  results  from  asking  the  subjects  to  estimate 
the  lag  between  two  items  from  the  list.  Lag  represents  the  "distance"  be- 
tween two  words  as  measured  by  the  number  of  other  words  that,  on  the  study 
li^;t,  fell  between  the  two  test  words.  For  example,  i£  the  two  words  in  a 
test  pair  occupied  positions  15  and  20  of  the  study  list,  the  true  lag  is  A. 
i)f  course,  the  subjects  are  presented  many  pairs  from  the  list,  and  for  each 
pair  they  respond  with  a number  to  represent  the  lag  estimate. 

I'he  third  response  measure  comes  from  asking  the  subject  to  make  recency 
judgments.  Pairs  of  words  are  shown  on  a test  (just  as  If  lag  judgments 
Were  to  be  requested),  and  for  each  pair  the  subjects  designate  the  word 
which  they  believe  occurred  most  recently  in  the  list  as  presented  on  the 
study  trial. 

A major  purpose  of  Experiment  I was  to  examine  the  ri‘ lat ionsh ips  among 
these  three  response  measures.  An  acquaintance  with  two  facts  is  necessary 


} 

Lo  understand  this  purpose.  A number  of  investij;ators  liuve  shown  that 
position  judgments  have  validity,  e.g.,  'i'oglia  and  Kimble  (1476).  On  the 
otlier  hand,  three  studies  (Hintzman  6i  Block,  1973;  llintzman,  Sunsners,  \ 
Block,  1975;  Underwood,  1977)  have  demonstrated  tliat  there  was  at  best 
only  a slight  relationship  between  true  lag  and  lag  estimates  for  unrelati'd 
words.  Indeed,  in  the  Underwood  study,  there  was  no  evidence  of  subsLaiiet.- 
that  the  relationship  between  lag  judgments  and  true  lag  increased  over 
trials.  The  question  which  arises  is  this:  If  subjects  can  make  valid 
position  judgments,  why  cannot  the  information  leading  to  these  judgments  be 
used  to  make  valid  lag  judgments?  More  specifically,  when  two  words  are  pre 
sented  for  a lag  judgment,  it  would  seem  that  the  subjects  could  estrmate 
the  position  of  each,  and  then  take  the  difference  to  represent  the  lag. 

Work  on  temporal  coding  is  a relatively  new  aria  of  investigation 
Tlure  is  much  to  be  learned  about  the  influence  of  many  variables.  The 
apparent  contradiction  between  the  results  for  lag  judgments  and  those  lor 
position  judgments  evolved  from  examining  the  results  of  separate  studiis, 
and  these  studies  differed  in  a number  of  ways.  Tlierefore,  it  seemed  neces- 
sary to  determine  if  position  judgments  show  validity  and  lag  judgments  do 
not  when  the  tests  are  made  in  the  same  experiment  using  exactly  the  same 
materials  and  procedures.  Experiment  1 makes  this  comparison.  Actually, 
all  thri response  measures  (recency,  lag,  position)  were  used.  Furthermore 
wi  askid  about  changes  in  performance  over  trials,  and  about  transfer  from 
one  response  measure  to  the  other.  If  common  information  undirlies  all 
thri I types  of  judgments,  subjects  should  be  able  to  transfer  from  the  use 
111  oni  response  measuri'  to  another  with  little  or  no  disturbance  in  the 
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performance . 

All  subjects  were  given  five  study-test  trials.  For  tne  groups  usid 
to  study  transfer,  the  response  measure  was  changed  after  the  first  three 
trials,  so  that  transfer  effects  will  be  gauged  by  the  performance  on  the 
fourth  and  fifth  trials.  The  three  response  measures  will  be  designated  by 
letters:  P (position);  R (recency);  L (lag).  Each  of  the  nine  groups  oi 

subjects  may  be  designated  by  two  letters,  the  first  letter  indicating  llu 
response  measure  used  on  the  first  three  trials,  and  the  second  letter  in- 
dicating the  response  measure  used  on  trials  4 and  5.  The  nine  groups  wire 
PP,  RP,  LP,  RR,  PR,  LR,  hL,  RL,  PL. 

Method 

List  A list  of  50  five-letter  words  was  used  for  all  conditions.  riu- 
50  words  Were  A and  AA  words  from  Thorndike  and  Lorge  (1944),  and  a single 
random  order  served  as  the  study  order  for  all  conditions  and  trials.  Wiiliin 
the  list,  20  pairs  of  words  were  identified  for  use  as  test  pairs  for  tlie 
recency  and  lag  judgments.  There  were  10  lags  (2,  4,  6,  8,  10,  12,  14,  lb, 

18,  20),  with  two  pairs  representing  each.  Obviously  witli  only  two  pairs  at 

each  lag,  we  had  no  intention  of  examining  lag  effects  in  such  small  slips 
Ratlnr,  in  presenting  the  results  we  will  speak  only  of  short  (2  Lhrougli  10) 
and  long  (12  through  20)  lags,  each  being  represented  by  10  pairs.  The  40 

words  used  to  construct  the  20  test  pairs  for  lag  and  ncmcy  judgments  were 

also  us(d  for  tht^  position  judgments.  Ti'n  words  were  never  tested,  although 
tile  sub|ects  were  not  told  this.  These  10  words  occupii'd  positions  1,  2,  lb, 
21,  22,  27,  13,  42,  49,  and  50. 

Procedure  and  subjects.  Tlie  50-word  list  was  presented  at  a 4-second 
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rate  on  study  trials,  using  a memory  drum.  The  first  Lest  was  unpaeed  lor 
all  conditions  so  that  the  subjects  could  understand  fully  tlie  nature  ol  the 
tests  before  pacing  was  introduced.  For  the  recency  judgments,  the  subjects 
were  given  a sheet  on  which  the  20  pairs  were  listed  and  they  circled  one 
word  in  eacli  pair  to  indicate  the  most  recent  word.  For  the  lag  judgments, 
the  same  20  pairs  were  presented  with  a blank  after  each.  The  subjects  w>-re 
asked  to  ifidicate  the  number  of  words  which  fell  betwein  the  two  on  the 
study  trial.  They  were  told  that  no  lag  greater  than  25  sliould  be  recorded. 
For  the  position  judgments,  the  subjects  were  given  a slieet  of  paper  on 

the  40  words  were  listed,  with  a blank  after  each.  The  subjects  wi-re 
d to  fill  in  each  blank  with  a number  between  1 and  50  to  indie. ite 
till  position  lield  by  the  word  in  the  study  order.  They  were  further  told 
that  they  should  try  to  avoid  using  the  same  number  twice,  but  this  was  not 
iiionitored  by  the  experimenter.  The  experimenter  monitored  each  Lest  only 
to  make  sure  that  no  omissions  occurred. 

None  of  the  procedures  came  as  a surprise  to  the  subjects . They  were 
lully  informed  about  the  type  of  unpaced  test  before  the  study  trial,  and 
again  .liter  Llie  study  trial,  for  all  trials.  All  tests  after  the  first  were 
paced  at  a 6-second  rate.  Each  test  word  (position  judgments)  or  test  pair 
(recency  and  lag  judgments)  was  shown  for  6 seconds  during  which  the  subjects 
m.ide  the  decision  required.  In  the  few  cases  when  the  subjict  tailed  to 
respond  within  the  6-second  interval,  the  experimenter  returned  to  the  p.i  i r 
or  Word  after  the  completion  of  the  test  trial  and  the  subject  was  required 
to  makt  a decision.  The  order  of  the  items  on  the  test  differed  for  each  ot 


tile  first  three  trials.  On  trials  4 and  5,  the  orders  used  for  trials  1 and 
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2 Were  repeated.  The  lelL-riglit  position  of  tlie  words  in  tlu  p.jirs  also 
varied  randomly.  When  the  response  measure  was  changid  after  the  first 
three  trials  for  the  transfer  groups,  tlte  subjects  were  compietily  infornud 
about  the  nature  of  the  change  before  the  fourth  study  trial . 

A block  randomized  schedule  of  the  nine  conditions  was  used  to  assign 
20  subjects  to  each  condition.  In  all  experiments  to  be  reported,  the  sub- 
jects were  college  students. 

Resul t s 

Position  judgments.  As  a measure  of  positioning,  we  used  a hit  iiu'asuii  . 
Tiiis  was  defined  by  a five-position  span  which  included  the  true  position 
and  the  two  positions  on  either  side  of  the  true  position.  Thus,  if  tlie 
true  position  of  an  item  was  25,  a hit  or  correct  response  was  said  to  iiave 
occurred  if  any  one  of  five  numbers  (23,  24,  25,  26,  27)  was  indicated. 

This  was  a highly  reliable  response  measure.  For  example,  for  the  20  sub- 
jects in  Condition  PP,  the  correlation  between  the  scores  on  trial  4 and 
Lliose  on  trial  5 was  .92. 

Figure  1 shows  the  basic  results  for  positioning.  Over  the  five  trials, 
performance  increased  from  approximately  six  correct  (15X)  to  over  22  correct 
(55/-)  on  the  fifth  trial.  The  transfer  from  recency  judgments  to  position 
judgments  (Condition  RP),  and  the  transfer  from  lag  judgments  to  position 
judi;ments  (Condition  LP)  was  obviously  not  complete.  Still  there  is  evident 
positive  transfer.  A comparison  of  trials  1 and  2 of  Condition  PP  with 
trials  4 and  5 of  Condition  LP  showed  this  statistically,  F (1,38)  = 16.60, 

£ < .01.  But  that  transfer  was  Incomplete  was  shown  by  the  comparison  of 
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Mean  Correct  Position  Judgments 


1 2 3 4 5 

Trial 


Figure  1.  The  acquisition  of  position  information  over  five  trials,  and  the 
transfer  from  recency  judgments  to  position  judgments  (RP),  and  from  lag 
judgments  to  position  judgments  (LP) . Experiment  I. 
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Condition  PP  witli  Condition  RP  on  trials  4 and  5,  F (1,3d)  - 4.65,  £ •'  .05. 

As  we  will  see,  the  transler  etfect  is  particularly  revealing  for  Condition 
LP  in  which  the  transfer  trials  were  proeeded  by  lag  judgments. 

We  also  examined  position  judgments  using  tlie  40  items  sunaned  .across 
subjects  as  the  basis  for  tl\e  analysis.  A mean  p'>silion  score  was  ditermiiud 
lor  each  of  the  40  Words  for  Condition  PP;  this  was  simply  tlie  .tvi'rage  posi- 
tion assigned  each  word  by  the  20  subjects.  We  tlien  c».)irL  luted  lIk  mean 
position  isLimates  with  tlie  true  positions  for  the  40  words.  Across  tin- 
fivi'  trials  these  correlations  were  as  follows:  .66,  .7  , .69,  .92,  .95. 

Tins  obvious  increase  in  the  relationship  across  trialt  .vhen  item  scoris 
Were  used  as  the  entry,  supplements  the  relationship  shown  in  Figure  1 in 
which  subject  scores  were  used  as  the  entry. 

Lay,  judninents.  The  results  for  Condition  LL  are  shown  in  Figure  2. 
file  iiu'usure  ot  lag  was  simply  the  mean  lag  judgments,  and  tlie  values  on  tin 
ordinati’  reflect  the  means  per  item.  Tju'  lag  length  (short  and  long)  appears 

a.s  a v.u  i.ible  in  addition  to  trials.  The  mean  true  l.ig  for  the  short-lag 

cat' gory  was  6,  that  for  the  long- lag  category,  16.  On  the  first  three 
trial'.  Lheii  was  no  consistent  difference  in  the  judgments  made  for  long 

lags  and  those  made  for  short  lags.  This  confirms  the  previous  findings 

as  described  in  the  introduction  to  this  experiment.  The  conclusion  that 
lag  had  no  cifict  on  the  early  trials  did  not  change  when  the  results  lor 
all  60  subjects  having  three  lag- judgment  trials  (LR,  LI’,  LL)  were  combined. 
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On  trials  4 and  3 of  Condition  LL,  tlie  pt,r formancc  on  tht'  sliurt  and  long 
lags  distinctly  separate.  An  analysis  of  variance  across  all  live  trials 
showed  that  lag  F (1,19)  = 6.44,  £ < .05;  trial,  F (4,76)  = 7.1J,  £ *-  .01; 
and  the  lag  by  trial  interaction,  F (4,76)  = 6.53,  £ < .01,  were  all  leli.ibK  . 
Thus,  it  si^ems  that  some  lag  learning  was  exhibited  on  the  lourtli  .md  lilih 
trials.  However,  there  is  an  asynunetry  involved.  Judgnn.nts  ol  sliort  lag;> 
should  move  lowi'r  if  learning  were  occurring.  Figuri'  2 shows  liiat  thi.*.  did 
not  occur.  The  judgments  for  long  lags  did  increase  as  tiuy  sliould  il  le.irn- 
ing  occurred.  Statistically,  then,  a lag  effect  did  develop  over  trials 
but  its  nature  was  not  entirely  as  one  would  expect. 

Figure  3 shows  the  mean  lag  judgments  on  trials  4 and  5 combined  for 
the  three  relevant  conditions.  As  a simplifying  step,  trials  liave  been 
omitted  from  the  plot.  The  trial  effect  was  reliable  statistically,  but 
tluro  was  no  interaction  involving  trials.  Tlie  fact  that  conditions  differ 
is  not  very  meaningful,  since  it  tells  us  only  that  mean  judgments  differ 
as  to  level  of  responding.  The  central  concern  are  the  dilfennces  in  dis- 
crimination between  short  and  long  lags  as  a function  of  conditions.  Ihe 
lag  elfect  was  significant  statistically,  F (1,57)  = 30.04.  £ < .01,  but 
the  lag  by  conditions  interaction  was  far  from  reliable,  F (2,57)  = 1.51, 

£>  .05.  This  means  that  the  transfer  was  complete  for  botli  conditions; 
the  discrimination  between  long  and  short  lags  was  as  great  lor  the  two 
transfer  conditions  (RL  and  PL)  as  it  was  for  Condition  LL.  At  the  same 
time.  We  must  point  out  that  the  discrimination,  while  statistically  reliable, 


Mean  Lag  Judgments 


Figure  2.  Lag  judgments  as  a function  of  lag  (long  and  short)  and 
trials.  Experiment  I. 


is,  in  an  absolute  sense,  not  very  impressive. 


Reeency  judt;ments.  Hie  reeency  measure  was  simply  tlu  mean  number  ot 
cori«.eL  ri-eency  judgine'nls.  These  ari‘  plotted  in  the  uppi  r section  i>l  lifpiri' 
4 Jur  Li>ndition  RK  as  a lunction  ot  Laj;  lingth  and  trial.  Scores  could  rangi 
betweiii  0 and  10,  with  a score  of  5 represiiit  j iij;  cliance  tespunding.  On  all 
live  trials  theri’  was  a clear  separation  as  a function  ol  1 a^^  T (1,14) 

1 1.47,  i>  < .01.  Per foriiiance  improved  over  trials,  but  the  1^  lor  the  inter- 
action between  trials  and  lay  was  less  than  one.  llu  lact  that  laj^  inllu- 
eiiced  rcCency  judgments  is  a contradiction  ol  previous  work  (Underwood,  14/7, 
Experiment  11)  where  lags  of  3,  6,  9,  and  13  did  nol  inlliieiice  per  1 orm.inc  i 
reliably  over  three  trials.  For  reasons  wliicTi  we  do  not  imderst.nid,  out 
lirivious  result  was  anomolous  with  regard  to  tlu  cllicl  ol  l.ig  dillerenci.s 
on  riceiuy  judgiiunts.  Every  study  we  ri  port  lure  in  wliich  lag ’was  v. tried 
siiowcd  an  effect  of  lag  on  recency  judgments.  The  effect  is  oiten  not  larg.e, 
b\iL  it  is  always  present.  It  occurred  on  the  first  three  trials  ol  Cond i - 
Liims  Rh  and  HP,  although  we  have  not  shown  these  data  here.  Figure  4 sliows 
ill. It  the  illecL  does  iiot  increase  in  magnitudi-  over  trials.  On  tlu-  fifth 
trial  tlu  values,  when  translated  into  j)e  rc  entage  s , show  about  7b/  correii 
recc-ney  judgments  tor  the  short  lags,  8)7  for  the  lc>ng . 

'the  Lower  paiu’l  ot  Figure  4 provides  tin-  transfir  d.ita.  Ihe  liiu-  Uir 
Condition  RR  simply  represents  the  mean  of  the'  two  lines  in  the  upper  panel, 
/ill  hough  l.ig.  w.i:>  not  i lU  liuled  in  the  plot  , it  c.in  hi-  S.iid  that  there'  Was  a 
!•  I I .lb  I 1 l.ig.  . Mill  on  lii.il;.  4 .inel  '>  t i>r  Coiulitiiuis  PR  .ind  l.R . .'\nalysis 
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ol  the  data  £or  the  three  conditions  lor  trials  A and  b showed  that  only 
trials  was  a reliable  source  ol  variance.  Neither  conditions  nor  the  con- 
ditions by  trials  interaction  approached  s ign  i 1 i cane  e , the  1^  hi  ing  less  tli.m 
utU'  in  e.ich  case.  Wc  must  conclude  tliat  the  transler  1 roiii  jiosition  jiulp.iiieiit  s 
to  ricency  judgments,  and  liom  lag  judgments  to  recency  judgments,  w.is  essen- 
tially perlect  or  complete.  That  the  perlormanci-  lor  Conditions  1T<  and  Lk 
was  a little  lower  than  that  for  Condition  RK  may  result  Iroiu  a [ler loriiMiice 
disturbance,  i.e.,  adjusting  to  the  paced  resiionding  using  a new  response 
indicator.  That  transfer  was  nearly  perfect  is  ol  some  moment  in  view  ol 
the  l.ict  that  on  the  first  three  trials  under  Condition  I.R  the  subjects  g.ive' 
little  evidence  that  they  were  distinguishing  between  long  and  sliort  lags 
when  they  made  their  lag  judgments.  Obviously  ihey  were  aequiriiig  ini  eirm.it  ion 
which  .lilowed  them  to  make  correct  recency  judgments  as  readily  as  did  those' 
subjects  who  had  been  making  recency  judgments  on  all  trials. 

Corre lat ions . Correlations  may  be  used  to  supplement  the  transler 
evidence:  with  regard  to  the  commonality  ol  the  inlormation  underlying  tlie' 
three  diilerent  respon.se'  measures.  The  corre  1 .it  iiins  in  Table  1 include' 
tho.'ie  within  tasks  as  well  as  those  between  tasks,  wlu're-  t.isk  relers  te)  tlie 
diller  iit  response  measures.  Scores  leir  various  trial  combinations  were 
used,  n.iinely,  trials  1 through  3 combined,  trials  A and  5 sejiarately,  and 
trials  A .iiid  3 combined.  For  recency  and  position  judgnie'iits,  number  ol 
correct  re'sponses  was  used  to  index  pe'r  formance . Lag  judgments  do  not  give' 
directly  a measure'  of  the  goodness  of  performance.  To  provide  such  a ineasuri  , 
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Wi  iisfcl  till-  .sum  of  tilt*  judgnifiits  for  tlu*  10  long-laj'  pairs  minus  tiu  sum  ol 
till'  jiiilgiiitncs  lor  thf  10  short-lag  pairs.  Tliis  is  a s]o|h-  measure  in  wliieli 
the  greater  the  slope  (difference  between  short-  and  long-l.jg  judgments) 
the  greater  the  sensitivity  to  lag  differences. 

file  corrtlations  fur  Condition  LL,  PP,  and  RR  give  evidence  on  ihi 
reliability  ot  the  response  measures.  Under  Condition  Lh,  the  perlormance 
scores  tor  the  early  trials  showed  a very  low  relationship  witli  the  scores 
on  ihe  late  trials.  This  corresponds  to  the  lack  of  a lag  eliect  on  the 
e.irly  trials  for  this  group  (figure  2).  The  rel  iabi  1 it  ies  lor  Conditions  Pi' 
.ind  RR  Were  quite  high.  For  all  correlations  a value  of  .Ab  is  required  for 
the  ,0‘i  level  of  significance. 

11  the  intertask  correlations  are  to  allow  Lor  a meaninglul  iiiterpn- 
tation,  they  should  be  low  (as  will  be  explained  shortly).  Fur  I liermore , tlu 
most  critical  correlations  would  be  tho.se  between  trials  1-J  combined  and 
trial  4.  This  is  not  a completely  uncontaminated  relationship  because  tlu 
subiects  were  told  bifore  the  fourth  study  trial  that  the  test  would  change. 
Knowing  tliis,  the  subjects  miglit  have  changed  Llieir  encoding  habits  on  tin. 
lourth  study  trial.  High  correlations  between  tlie  scores  on  trials  1-j 
.inJ  those  on  trial  4 do  not  yield  a clear  interpretation.  A high  eorrel.i 
Lion  could  mean  that  the  underlying  inforniation  used  is  tlu-  same  tor  two 
r<  spoil'. I measures,  but  it  could  also  mean  that  thi'  information  diflers  in 
kind  but  there  is  a correlation  in  terms  of  the  rate  of  acquiring  the  two 
Lvpis  ul  intormation.  Tlurc'fore,  only  low  correlations  can  bt-  used  in  an 
analytical  way. 

U'i'ili  the  .ihuve  in  mind,  we  not  i'  first  tii.it  tin  ti'  seems  to  be  little 
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cuiiinionul  ity  between  recency  judgments  toliowed  by  lag  judgiiienLa  (KL),  when 
the  correlation  is  based  on  trial  4.  However,  the  subjects  apparently  lind 
some  way  to  use  the  information  acquired  over  tlie  first  three  trials  because 
the  corrilation  between  trials  1-3  and  trial  5 is  quite  high.  Under  the 
reverse  order  of  tasks  (Condition  LR) , a relationship  is  apparent  throughout, 
although  the  magnitude  of  the  correlations  is  certainly  not  high.  Tlie  only 
otlier  condition  to  which  we  will  call  attention  is  Condition  Rl’ . The  scores 
on  these  two  tasks  (recency,  positioning)  do  not  correlate  substantially  at 
any  point.  However,  under  the  reverse  order.  Condition  PR,  the  relationships 
were  all  reliably  greater  than  zero.  Thus,  it  would  appear  that  subjects 
having  position  judgments  and  lag  judgments  before  recency  judgments  can 
make  use  of  at  least  some  of  the  information  for  making  recency  judgments, 
but  this  information  is  of  a different  type  from  tiiat  acquired  when  recency 
judgments  are  learned  initially.  in  short,  there  is  ambiguity  resulting 
from  different  findings  associated  with  the  different  transfer  orders.  As 
a consequence,  the  correlations  in  Table  1 have  not  provided  us  with  the 
critical  data  that  in  the  abstract  it  seemed  they  should. 

Discussion 

The  experiment  confirmed  the  inference  that  one  group  of  subjects  may 
make  very  valid  position  judgments  of  a list  of  items  presented  singly, 
while  another  group  has  great  difficulty  in  making  valid  lag  judgments  after 
studying  the  same  list.  Valid  lag  judgments  begin  to  emerge  only  after 
several  study  and  test  trials.  We  have  failed  to  confirm  a previous  finding 
that  lag  was  irrelevant  for  recency  judgments;  our  present  data  show  clearly 
that  lag  length  is  positively  related  to  correct  recency  judgments. 
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The  data  showed  that  there  was  rather  heavy  transfer  1 roin  tht:  use  of 
one  response  measure  to  the  use  of  another.  The  transfer  was  nearly  per- 
fect in  two  of  the  three  cases  (Figures  3 and  4),  and  roughly  50/.  in  the 
third  (Figure  1).  In  the  latter  case  the  transfer  was  from  recency  judg- 
ments to  position  judgments  and  from  lag  judgments  to  position  judgments. 

The  transfer  in  the  reverse  directions  was  essentially  lOOZ.  We  will  not 
speculate  about  the  reason  for  the  asyiimetry.  Ratlier,  we  wisli  to  consider 
brielly  the  interpretation  that  might  be  given  to  tin-  ratlier  heavy  transl'  r 
from  one  response  measure  to  the  other.  We  prefer  to  interpret  the  results 
to  mean  that  the  information  involved  in  making  decisions  overlaps  appreciably 
for  the  three  response  measures.  The  subjects  draw  on  the  same  types  ol 
information  regardless  of  the  response  measure.  There  are  alternative  iiuer- 
pretations,  one  of  which  will  be  described. 

Wi-  might  assume  that  during  the  learning  trials  the  subjects  acquire  a 
number  of  different  types  ol  information  (eacli  independent  of  the  other) 
about  the  words  in  the  list,  and  this  information  is  acquired  regardless  of 
tile  response  measure  being  used.  We  would  further  assume  that  the  amount 
of  inlormation  of  each  type  which  is  accumulated  is  correlated.  We  might 
name  tie.  three  types  of  information  P,  R,  and  L,  each  of  which  is  appropriate 
to  its  own  response  measure  only.  When  subjects  are  transferred  from  one 
r<s(>on;;..  measure  to  another,  they  simply  change  the  type  of  inlormation 
selected  froni  memory,  choosing  the  type  needed  to  fit  the  demands  of  the  new 
r<  spoil;. I iiiiasure.  The  consequence  would  be  high  positive  transfer  from  one 
ri  siKMU.i  nu'asure  to  another,  and  positive  corn’ 1 at  ions  among  the  scores  on 


! 


I 

I 


T 


14 


the  various  tasks.  This  is  a rather  complicated  interpretation  but  we  know 
of  no  evidence  that  vvould  deny  it.  If  we  favor  the  earlier  interpretation, 
it  would  be  due  to  the  simplicity  of  the  interpretation.  Neither  interpri - 
tat  ion  adequately  accounts  for  some  of  the  details,  e.g.,  the  asymnetry. 

Experiment  II 

Despite  the  fact  that  subjects  did  show  some  learning  in  Condition  LL 
in  Experiment  I,  the  fact  remains  that  they  found  it  a very  difficult  matter 
to  discriminate  the  "distance"  between  two  items  from  the  list.  We  do  not 
know  whether  subjects  tried  to  learn  this  distance  directly,  or  to  learn  by 
indirect  means,  e.g.,  learning  the  position  of  each  item  and  then  taking 
the  difference  as  a lag  estimate.  In  any  event,  it  seemed  worthwhile  to  try 
to  di’vise  a situation  in  which  accurate  lag  judgments  should  be  easily 
acquired  on  the  first  study  trial.  We  presented  the  subjects  with  a 30- 
word  list  in  which  the  first  six  words  were  all  names  of  metals,  the  .second 
six  all  names  of  animals,  and  so  on.  In  short,  there  were  5 concepts  used, 
each  with  six  instances,  blocked  in  the  presentation  list.  It  seemed  to  us 
that  under  these  circumstances  even  a poor  subject  would  assign  short  lag 
values  if  two  words  from  the  same  concept  were  tested,  lo  try  to  produce 
Valid  lag  judgments  quickly  was  not  the  only  matter  of  intenst  in  the  study; 
we  turn  to  these  other  matters. 

in  the  above  situation,  it  is  possible  that  subjects  would  be  quite 
able  to  make  valid  lag  judgments  for  two  items  from  within  a concept  and  have 
difficulty  in  making  recency  judgments  for  the  same  two  items.  Acquisition 
of  thi  p.irtJcular  order  of  the  instances  within  the  category  could  be  difti- 
cult.  In  nee,  recency  judgments  could  be  difficult.  In  the  experiment,  sub 


jctLs  wurc  also  asked  for  lay  and  recency  judgments  for  i)airt.  iif  items  in 
wliich  the  two  words  in  the  test  pairs  represented  different  categories.  flu 
lag  lor  four  of  these  pairs  was  two,  in  which  case  it  was  necessary  tliat  one 
of  the  words  be  the  fiftti  or  sixth  item  in  one  category,  and  tlu-  otlier  be 
the  first  or  second  item  in  the  following  category.  Tlie  tests  madi‘  for  i i eiiis 
wfthin  categories  also  always  liad  a lag  of  two.  So,  there  were  within- 
eoncept  or  within-category  tests  with  lags  of  two,  and  betwien-ciinci  ju  tests 
with  lags  of  two.  We  also  included  between-concejit  tests  with  long  l.igs 
(varying  between  8 and  2J). 

What  did  we  expect  from  the  recency  and  lag  judgnuiits  lor  test  p.urs 
in  which  each  of  two  concepts  is  represented?  Wi.’  belli  vid  that  serial  li. lin- 
ing would  play  an  important  role.  If  a subject  learned  tin-  order  in  whi..li 
till  six  concepts  was  presented,  correct  recency  judgments  should  be  e.isily 
"deiluced”,  and  for  the  short  lags,  the  lag  judgments  should  become  valid 
rapidly.  in  fact,  we  felt  that  the  lag  judgments  on  the  short -bitweeii  tests 
lould  be  more  accurate  than  those  for  the  within-category  tests.  file  unknown 
in  this  matter  concerns  the  rapidity  with  which  tlu'  subject  learns  the 
serial  order  of  the  words  within  categories. 

Aliliougli  tile  abovi'  comparisons  are  of  some  interest,  we  will  be  most 
loncerned  with  the  comparison  of  temporal  codes  developed  for  thi  blocked 
category  list  and  those  developed  for  the  same  items  when  they  are  randomlv 
assigned  to  positions  within  the  list.  Also,  we  will  be  asking  about  traiis- 
l.r  1 loin  lag  judgments  to  recency  judgments  and  for  tlu  reversi'  order. 

Position  )udgments  Wen  not  included.  Thus,  with  blocked  (15)  ordering  oi 

tlu  i.itifpiry  instances  within  a list,  and  the  unblocked  (Uli)  or  random  ordering 
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ol  tlu-  wordb,  fi^ht  groups  wen,  needed:  B-LL,  B-LK,  B-KL,  B-RK,  LIB-Ll.. 

LTB-LR,  UB  RL,  and  UB-RR. 

Metliod 

Lists . The  general  nature  of  tlie  B list  was  describid  above.  There 
Were  K)  words  consisting  of  live  categories  of  six  instaneis  each,  taki-n 
1 1 om  tile  tables  provided  by  B.ittig  and  Montague  (,1V69).  i'he  ordir  ol  tlu 
c.itegories  was  iiutals,  animals,  cloths,  sports,  .mkI  musiiai  instrununts 
In  addition,  there  were  two  primacy  items  and  two  receiiey  U <.  ms  . Al  U r tlu 
words  Were  ordered  within  the  list,  we  chose  four  ji.iirs  to  be  used  lor  witli- 
in-categ,ory  tests.  These  consisted  of  the  items  holding  positions  J and  6 
in  the  iiK'tals  category,  2 and  5 in  the  animal  category,  i and  6 m the  sports 
category,  and  1 and  4 in  Che  instruments  category.  Four  between-i  .it egoiy 
ji.urs  Were  chosen  as  the  betwieii-cat  egory , short-lag  tests  (betweeii-shurt ) . 

Ihe  lag  was  always  two.  From  the  remaining  14  words,  we  constructid  six 
tist  pairs  to  be  used  tor  the  betweeii-c.itegory  tests  with  long  lags  (be- 
t Wi  I n - I ong ) . llu  six  lags  were  b,  9,  li,  IJ,  l(i,  and  2J,  with  .t  mean  ol  11./. 
Iwei  woials  (in  addition  to  the  primacy  and  recency  words)  were  not  used  lor 
tlu  tests;  one  of  these  words  was  the  first  word  in  ilu'  metals  category 
ithiid  »#ord  in  the  list),  and  tlie  otlur  w.is  the  l.ist  word  in  the  cloth  eati- 
gory  . 

All  ol  the  above  description  relers  to  the  blockid  ill)  list.  We  lounJ 
It  possible  to  order  the  items  in  an  unblocked  (UB)  list  so  that  tlu  14  tist 
p.iirs  used  were  exactly  the  same  pairs  as  those  used  lor  1 1 1 s ol  the  hloiked 

list...  I urthermore , the  lags  for  the  p.iirs  in  the  two  lists  were  essinti.illy 
tlu  ..s'K  , pair  by  p.iir.  All  short  lags  wire  two  lor  both  lists,  ihiui  ol 
lie  long  l.ig..  Were'  idinitical  tor  both  lists,  but  tlu  remaining  three  v.iried 
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by  one  (8  vs.  9;  22  vs.  23;  16  vs.  17).  In  only  oiu*  cose  did  two  items 
representing;  the  same  category  occur  in  adjacent  positions  in  t lie  unblocked 
list. 

Procedure  and  subjects.  The  procedure  was  much  the  same  as  for  Kxpi'ri- 
ment  1 except  that  all  test  trials  were  paced  (6-second  rate).  There  we re- 
live ;.tudy-test  cycles  tor  all  subjects,  and  lor  the  transfer  conditions, 
three  study  trials  were-  given  on  the  first -used  response  measure,  two  on 
the  sicond.  i'he  subject  was  always  completely  informed.  Eacli  of  llie  eiglit 
conditions  was  represented  by  24  subjects  assigned  to  conditions  by  a blocked- 
randomized  schedule. 

Ki.su  1 1 s 

judgments.  It  will  be  remembered  that  the  lag  for  withi  n-category 
tests  w.is  always  two,  and  tliis  was  also  true  for  the  be  tween-sliort  tests. 
However,  since  there  were  only  four  pairs  in  eacli  class,  and  since  the  words 
Were  not  rotated  across  the  classes,  interclass  comparisons  are  questionable, 
flu  results  will  empiiasize  comparisons  between  B and  UB  conditions  for  eacli 
1 Loss  because  the  judgments  Were  I’lade  on  exeictly  the  same  p.iirs  for  such 
e e)m[)ar  i se.>n  . 

The  mean  lag  judgments  tor  within-conce-pt  tests,  and  those-  tor  tlie 
between  slieirt  tests,  are  sliown  in  Figure  5.  As  meiy  be  see-ji  in  the  lelt 
p.irie-l,  the  within  judgme-nts  are  very  aceiiraii  tor  Ce>rid  i t i em  B-LL.  The 
mt  ans  .ire  only  slightly  higher  than  the  true-  l;ig  (twei),  and  the  level  ol 
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responding  is  far  more  accurate  than  the  level  for  the  subjects  under  Con- 
dition UB-LL.  Altliougli  the  trend  across  the  live  trials  for  Condition  UB-Ll. 
indicates  a lowering  of  tiie  estimates,  the  means  on  the  five  trials  did  not 
difler  statistically  (F  = 1.09).  Thus,  as  in  Experiment  I,  lag  judgments 
did  not  move  toward  the  true  lengtli  of  short  lags. 

Tr.uisfer  from  recency  learning  (first  three  trials)  to  lag  judgments 
(trials  4 and  5)  appears  to  have  been  essentially  complete  for  Condition  h-KL. 
i'liis  is  to  say  tliat  the  evidence  wiiich  allowed  the  subjects  in  Condition  ti-Ll. 
to  make  Very  accurate  lag  judgments  on  the  witiiin  pairs  was  also  assimi  l.itid 
by  the  subjects  in  Condition  B-RL.  in  fact,  as  we  will  st-e  later,  correct 
receiiey  judgments  developed  more  slowly  tlian  did  lag  judgments.  On  the  tr.ins- 
tir  tests,  tile  subjects  in  condition  UB-RL  performed  at  about  tiie  same  level 
as  did  the  subjects  in  Condition  UB-LL,  altliough  it  wus  not  statistically 
lower  than  the  level  of  responding  on  trials  1 and  2 for  Condition  UB-LL, 

F (1,4(>)  = 3.71,  £>  .05.  This  would  seem  to  indicate  there  was  no  trans- 
ii-r  from  recency  judgments  to  lag  judgments.  On  the  surface  tliis  conclusion 
api)ears  in  conflict  with  that  of  Experiment  1 where  it  was  said  tiiat  trans- 
t «.  r 1 rom  either  recency  judgments  or  position  judgments  to  lag  judgments  was 
ompleti.  (as  gauged  by  the  performance  on  Condition  1.1.),  However,  that  de- 
cision was  based  on  examination  of  a slope  measure  derived  from  the  scores 
on  short  .uid  long  lags.  Were  we  to  follow  that  procedure  lure,  we  would 
n acli  the  same  conclusion  as  was  reached  in  Experiment  1 because  judgments 
on  long  lags  do  increase  across  trials  (see  later)  and  the  level  of  ti'.e 
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Lr.inslir  perlormance  is  equivalent  to  that  shown  under  Condition  UB-LL. 

Ihi  rigjit  panel  of  Eigure  5 shows  the  results  for  the  pairs  with  lags 
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t)l  two  ill  which  tlu-  pair  members  were  items  Irom  diliereiu  tatej'uries  (be 
LWeeii-.shor  L ) . Ihere  wus  Very  little  ch.aige  over  trials  lor  Conditions 
b-LL  and  UB-LL  (F  = 1.4t>).  Essentially,  the  subjects  in  Condition  LlB-Ll. 

|n  rloriiitd  at  the  same  level  as  they  did  on  the  within  pairs.  Tlie  big  chang«- 
occurred  lor  Condition  B-LL  in  that  tlie  lag  judgments  were  liigher  tlian  those 
given  by  the  subjects  in  Condition  UB-LL,  F (1,46)  = 9 . J5 , £ ,U1.  Neither 

trials,  nor  the  interaction  bi tween  trials  and  conditions,  w.is  reliable 
stat  isi ical  ly . Because  no  learning  occurred  in  either  group  (as  would  be 
indicated  ii  the  means  decreased  reliably  over  trials),  tin;  transit r data 
must  bt  viewed  as  representing  no  transfer. 

We  have  not  graphed  the  results  for  the  items  classed  as  between- long . 
fill  dat<i  lor  them  showed  that  the  mean  judgments  were  higher  lor  Condition 
B-LL  than  for  Condition  UB-LL,  £ (1,46)  = 6.0d,  £ < .02.  The  five  means 
c or r espond ing  to  trials  1-5  for  Condition  d-LL  wert  8.44,  8.87,  10. Oo,  9.49. 
and  9 *6.  For  Condition  UB-LL,  the  corresjiond  ing  values  were  5.84,  6.58, 
6.98,  7 64 , and  7.78.  Tlu  mean  judgments  (both  conditions  combined)  in- 
creased over  trials,  F (4,184)  = 5.09,  £ < .01,  but  the  F for  Che  interaction 
bi tween  conditions  and  trials  was  less  than  one. 

Tliere  Was  iio  transfer  from  recency  judgments  to  lag  judgi.  ents  under 
C.iiidition  B-Rl  tor  tlu-  long-lag  items.  The  sum  of  tlu  judgments  on  the 
two  transit  r trials  was  attually  slightly  lower  than  tlie  sum  lor  tri.ils  1 
•oul  2 ol  Condition  B-LL.  On  the  other  hand,  the  transler  appeared  to  be 
complile  in  Condition  UB-RL.  However,  as  will  be  discussid  later,  we  are 


I oiici  rued  about  the  validity  of  these,  comparisons. 

I(i  cent  y iiidRim  iits  . The  mean  correct  recency  judgments  lor  tlu  two 


short-lag  conditions  are  shown  in  the  two  panels  of  Figure  6.  Bi  ause 
tl'.ere  were  four  possible  correct  responses,  a mean  of  two  would  represent 
chance  responding.  The  results  in  the  left  panel  show  that  the  mean  correc' 
recency  judgments  across  five  trials  for  two  items  within  a category  of 
six  instances  (Condition  B-RR)  were  greater  than  the  mean  for  the  same  items 
in  a randomized  list  (Condition  UB-RR),  F (1,46)  = 5.96,  £ < .02.  Tlie  dit- 
lerence  between  these  same  two  conditions  for  the  between-shor t tests 
(right  panel)  was  even  more  marked. 

Transfer  was  statistically  complete  in  three  out  of  the  four  cases. 

The  only  exception  was  under  Condition  UB-LR  for  the  within  tests.  Compar- 
ing the  performance  on  the  two  transfer  trials  of  this  condition  witii  tlie 
performance  on  trials  1 and  2 of  Condition  UB  RR  showed  that  ttiere  was 
positive  transfer,  F (1,46)  = 7.95,  £ < .01.  But,  comparing  the  perfor- 
mance on  the  transfer  trials  with  trials  4 and  5 of  Condition  UB-RR  sliowcd 
that  the  transfer  was  not  complete,  F (1,46)  = 6.23,  £ < .05.  The  general 
implication  of  these  transfer  findings  is  that  although  subjects  learned 
Very  little  about  lag  lengths  when  making  lag  judgments,  they  did  acquire 
information  which  allowed  them  to  make  recency  judgments  at  a level  that 
approached  that  expected  if  recency  judgments  had  been  practiced  directly. 


The  results  for  the  between-long  test  pairs  were  very  similar  to  those 


seen  in  the  left  panel  of  Figure  6.  Performance  under  Condition  B-RR  ex- 
ceeded that  under  Condition  UB-RR,  F (1,46)  = 9.97,  £ < .01.  Responding 
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w.i:i  la.irly  pii'luct  on  trials  A and  5 undir  Condition  3 kk.  Transiu-r  for 
t^oiidition  B-Lk  was  complete,  the  performance  tor  the  subjects  in  this  j<roup 
also  being  nearly  perfect  on  trials  4 and  5.  Transfer  under  Condition  UB-LK 
was  complete  statistically  in  that  performance  on  the  two  transfer  trials 
(83.J/„  correct  recency  judgments)  was  not  reliably  less  than  the  performance 
on  trials  4 and  5 under  Condition  UB-Rk  (89.9/!,). 

Discuss  ion 

The  results  (lave  shown  that  lag  judgments  can  be  highly  accurate  when 
certain  kinds  of  information  are  available  to  tlie  subject.  In  particular, 
if  the  two  test  words  are  from  a block  of  six  words  representing  the  same 
category,  lag  judgments  are  very  accurate.  The  subjects  apparently  learn 
the  nature  of  the  blocked  list  structure  on  the  first  study  trial,  and  Irom 
this  is  can  be  "deduced"  that  if  two  items  in  a test  pair  are  both  instances 
of  the  same  category,  the  lag  must  be  short.  This  may  seem  to  be  a trivi.il 
finding,  but  we  have  become  somewhat  skittisli  about  attributing  logical 
capacities  to  the  subjects  when  lag  judgments  are  involved.  For  example, 
it  seemed  obvious  that  if  a subject  would  make  valid  position  judgments, 
accurate  lag  judgments  could  be  deduced  from  the  position  i nl ormat ion . 
itiis  turned  out  not  to  be  true.  In  any  case,  for  the  present  expe'r  imeiit  , 
,hort  l.ig  judgments  were  brought  under  control  by  using  the  blocked  c.itegory 
lists  and  testing  pairs  of  items  from  within  a block. 

Ihe  other  two  classes  of  items  produced  results  in  which  there  are  a 
number  of  puzzl(!s.  The  mean  lag  judgments  for  the  subjects  in  Condition 
B-LL  for  betwee-a-short  pairs  were  higher  than  those  for  the  same  pairs 
apiiearing  in  Condition  UB-LL  (Figure  5,  right  panel).  Althougli  neither 
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group  improved  significantly  across  trials,  we  might  choose  to  conclude  that 
because  the  level  of  responding  was  lower  (hence,  closer  to  true  lag)  for 
the  subjects  in  Condition  UB-LL  than  for  those  in  Condition  B-LL,  perfor- 
mance was  better  or  more  accurate.  We  might,  further,  talk  about  differences 
in  interference  which  results  from  conceptual  associations  in  the  two  condi- 
tions. There  are  problems  which  follow  if  it  is  concluded  that  the  perfor- 
mance oi  the  subjects  in  Condition  UB-LL  was  superior  to  that  of  the  sub 
jects  in  Condition  B-LL.  If  this  was  true,  why  didn't  the  subjects  in  Group 
UB-LL  gut  more  and  more  accurate  with  practice?  Ur,  if  tliis  was  true,  why 
didn't  the  same  relationship  occur  for  the  long  lags?  The  judgments  for 
long  lag  pairs  for  the  subjects  in  Condition  B-LL  were  higher  (more  accurate?) 
than  were  those  for  the  subjects  in  Condition  UB-LL.  We  are  inclined  to 
believi:  that  such  conclusions  cannot  be  drawn  with  confidence,  and  that  in 
some  way  the  conditions  produce  differences  in  the  level  of  responding  al- 
though there  are  no  differences  in  lag  knowledge. 

It  is  probably  correct  to  presume  that  the  subjects  in  Condition  B-LL 
knew  they  were  accurate  for  the  with  in-category  tests,  but  that  they  lacked 
confidence  in  their  ideas  of  the  absolute  lags  for  the  other  test  pairs. 

Given  Lliis  situation,  the  question  is  why  did  the  subjects  in  Condition  B-LL 
cliuuii  a higher  responding  level  for  tlu'  between-shor t pairs  than  did  tl\e 
subjects  in  Condition  UB-LL,  the  latter  subjects  having  no  class  of  lag 
judgments  in  which  they  could  feel  confident.  It  was  almost  as  if  the  sub- 
jects in  Condition  B-LL  said  to  themselves:  "I  know  my  short-lag  decisions 

for  the  pairs  of  items  from  the  same  category  are  about  perfect;  since  I 
don't  sii.ni  to  have  such  feelings  for  the  other  pairs,  they  must  have  long 
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lags."  As  a consequence  of  such  thoughts  or  similar  ones,  Llie  subjects  may 
have  assigned  values  to  lag  judgments  that  were  higher  tlian  those  which  were 
assigned  by  the  subjects  in  Condition  UB-LL.  Because  of  our  concern  that 
such  contrast- 1 ike  effects  may  have  been  involved  in  the  judgments,  we  are 
uneasy  about  the  transfer  effects  from  recency  judgments  to  lag  judgments 
for  Condition  B-RL,  when  the  comparison  involves  Condition  B-I.L.  file  sub|ei.ts 
in  Condition  B-RL  may  not  have  been  influenced  by  the  contrast  efficts,  sii 
that  the  level  of  responding  would  not  be  expictcd  to  be  comparable  to  thai 
for  Condition  B-LL  even  if  lag  knowledge  was  the  same.  Hence,  to  deteriiu'ni’ 
it  there  was  or  was  not  positive  transfer  by  comparing  iierlormance  on  the 
first  two  trials  of  Condition  B-LL  with  trials  A and  5 ol  Condition  B-Kl. 
may  lead  to  erroneous  conclusions  about  transfer.  On  tiu  other  hand,  we  bi'- 
lieve  the  transfer  results  lor  Condition  UB-LL  and  UB-KL  would  not  have 
this  problem,  although,  except  for  long  lags,  clure  was  no  ivideiice  that 
judgments  improved  over  trials,  hence  there  was  no  opportunity  to  as.sess 
t rans  f i-r  e f t ec  t s . 

In  tlu  introduction  we  pointed  out  tiiat  if  subjects  in  Condition  B-LL 
mastered  a five  item  serial  list  (metals,  animals,  cloths,  sports,  instru- 
ments), lag  judgments  should  improve  rapidly  over  trials  lor  the  tests  in- 
volving items  trom  different  categories.  The  subjects  could  attach  tlu 
iiumbi  rs  1 throught  5 to  the  five  categoriis  in  order.  Given  this  le.irning, 
relative  lag  judgments  should  have  been  pirfect  il  tlU’  subjects,  on  tlu  ti.sis, 
identified  the  numbers  ii  f the  two  categories  represented  and  then  took  t lie 
ditlerence.  Of  course,  this  is  behavior  we  had  originally  bequeatlud  to 
subjects  as  .1  means  of  making  lag  judgments  from  position  knowledgi,  and  wi 
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found  that  a subject  apparently  cannot  or  does  not  go  through  such  mental 
manipulations.  The  subject  can  make  accurate  position  judgments  without 
being  able  to  make  accurate  lag  judgments. 

Transfer  from  lag  judgments  to  recency  judgments  was  very  high,  just 
as  we  had  found  in  Experiment  1.  This  transfer  was  heavy  eveit  if  the  sub- 
jects showed  no  increase  in  the  accuracy  of  lag  judgments  over  the  three 
"training"  trials.  The  subjects,  therefore,  were  acquiring  most  of  the  in- 
formation needed  to  make  recency  judgments  while  they  were  trying  without 
much  success  to  make  accurate  lag  judgments. 

Recency  judgments  were  consistently  better  for  the  subjects  in  Condi- 
tion B-RR  than  for  those  in  Condition  UB-RR.  The  differences  were  particu 
larly  large  for  the  between  short  tests  (right  panel.  Figure  6).  Why  sliould 
ttuse  two  conditions  differ?  One  strong  possibility  is  that  the  serial 
learning  of  the  five  categories  could  be  used  to  implement  between-cate 
gory  recency  judgments.  If  the  successive  categories  are  numbered  1 tlirough 
5 wlien  the  list  is  blocked,  the  most  recent  instance  is  given  directly  by 
the  two  niuiibers  associated  with  the  two  words  in  a test  pair.  The  respond- 
ing in  this  case  does  not  require  that  the  subject  take  a difference  between 
v.ilues  as  seems  to  be  true  for  lag  judgments.  This  explanation,  of  course, 
will  not  handle  the  difference  for  the  two  groups  for  the  wi th i n-category 
Lists  (left  panel.  Figure  b) . Serial  learning  within  the  four  concepts  may 
bi  involved  in  the  latter  case,  but  performance  seems  to  improve  more  rapidly 
over  trials  than  would  be  expected  if  the  serial  learning  of  iour  lists  of 
six  items  w<is  involved.  It  may  also  be  possible  that  ti>e  cause  of  the  dif- 


fi n m I lies  not  in  a facilitation  under  Condition  B-RR,  but  in  inhibition 
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under  Condition  UB-RR.  The  inhibition  miglit  resuit  ironi  greater  associative 
interference  for  the  random  iist  than  for  the  blocked  iisL,  but  just  how 
this  interference  operates  on  recency  information  is  not  known. 

We  have  chosen  not  to  pursue  furtiier  in  this  paper  the  interpretative 
problems  which  liave  arisen  by  our  attempts  to  understand  ttie  relationships 
among  different  response  measures  used  to  index  temporal  coding  of  memories. 
Other  i)roblems  have  engaged  our  attention.  In  Llie  experiments  on  these 
problems,  we  have  always  used  recency  judgments  as  the  response  measure. 

Experiment  III 

In  an  experiment  reported  earlier  (Underwood,  1977,  Experiment  5),  it 
was  shown  that  exposure  duration  of  items  did  not  influence  tlie  accuracy  ol 
position  judgments.  if  this  finding  has  generality,  it  would  most  assuredly 
influence  the  nature  of  theories  about  temporal  coding.  We  bc-lieve  that 
associative  learning  is  primarily  responsible  for  the  learning  of  correct 
recency  judgnm-nts  and  correct  position  judgments,  and  associative  learning 
is  normally  quite  sensitive  to  rate  or  exposure- t ime  manipulations.  The 
shortest  exposure  duration  used  in  our  earlier  study  was  5 seconds.  It  is 
possible  that  the  major  changes  in  temporal  coding  associated  with  changes 
in  exposure  duration  occur  with  durations  shorter  than  5 seconds.  Wi>  lid  I 
It  necissary  to  detirmine  the  role  of  relatively  short  exposure  durations 
ol  the  items  on  recency  judgments. 

The  usual  method  of  manipulating  exposure  duration  confounds  study  time 
■uid  retention  interval.  This  is  true  even  if  tests  are  given  iminediattly 
altir  till  last  item  is  presented  for  study  The  length  of  the  retention 
intirval  for  items  in  the  initial  part  ol  the  list  is  directly  related  to 
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exposure  duration.  There  is  another  problem  of  confounding  which  arises 
when  recency  judgments  are  used  as  the  response  measure.  Although  the  lag 
(number  of  items)  between  two  test  items  is  constant  regardless  of  exposure 
duration,  the  time  between  the  two  items  varies  as  exposure  duration  varies. 
We  were  concerned  about  these  problems  of  method,  and  we  determined  to 
decide  if  they  were  matters  of  importance  for  temporal  coding.  Therefore, 
we  used  one  condition  as  representative  of  the  traditional  approach,  and 
another  in  which  the  confoundings  were  removed.  The  exposure  durations 
were  of  three  lengths;  1,  2,  and  3 seconds. 

Method 

Lists . Three  lists  of  36  words  were  used.  From  a pool  of  108  A and 
AA,  five- letter  words,  we  constructed  three  lists  such  that  words  were 
assigned  to  lists  and  to  positions  within  the  lists  randomly.  The  three 
lists  Were  arbitrarily  designated  1,  2,  and  3,  and  these  numbers  represent 
the  exposure  durations  given  them.  Eight  pairs  from  each  list  were  designa- 
ted a.s  sliort-lag  test  pairs  (lags  of  2 or  3),  and  eight  were  designated  as 
long-1. ig  Lest  pairs  (lags  of  10,  11,  or  12),  Items  1,  2,  35,  and  36  in  each 
list  Were  never  tested.  It  should  be  clear  that  the  test  pairs  came  from 
ix.icrly  the  same  positions  in  all  three  lists.  Thus,  sliort-lag  Lest  p.iirs 
Weri'  made  from  the  two  words  occupying  positions  5 and  9 in  the  three  study 
lists,  the  test  pairs  being  party-greet , awake -count , and  of fer • happy  lor 
the  three  lists  in  order. 

The  usual  method  of  manipulating  study  time  or  exposure  duration  will 
be  called  Condition  V to  indicate  that  the  retention  interval  and  the 
"crowdi/ig"  varied  as  the  exposure  duration  varied.  In  the  condition  ustd 
to  keip  these  two  lac  tors  constant.  Condition  C,  we  set  the  memory  drum  to 
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proviJi-  a 1-st^cond  exposure  under  all  eouditious.  The  first  nine  exposures 
for  eaeli  list  as  given  in  Table  2 illustrate  the  method  used  to  remove  the 
confound i ngs . It  can  be  seen  that  items  are  exposed  for  1,  2,  and  3 seconds, 
and  tluit  the  total  time  from  beginning  to  the  end  of  each  list  was  the  same 
lor  all  conditions.  We  are,  of  course,  assuming  that  the  arithmi'tic  problems 

will  prevent  rehearsal,  and  at  the  sami'  time  will  not  interfere  with  the 

learning  re<iuired  to  produce  correct  recency  judgments. 

Procedure  and  subjects.  The  subjects  were  fully  inlormed  about  the 
recency  judgments  they  were  to  make  after  each  study  trial.  All  tests  wire 
unpaced.  The  subject  was  givim  a test  sheet  on  whiiTi  the  16  pairs  were: 
li>.tid;  the  reipiirement  was  to  circle  the  most  recent  word  in  each  pair, 

gill  ss  nig  it  nectssary.  During  study  trials  involving  the  arithmetic  jirob- 

1 1 ms  , t lu'  subjects  solvi'd  lach  equation,  speaking  the  answer  aloud  witiiin 
till'  1 -.second  period.  Three  study-test  cycles  were  used  lor  all  lists. 

uiie  group  of  24  subjects  was  given  the  three  lists  under  Condition  V, 
ind  anothi r group  of  24  subjects  was  giviii  the  three  lists  under  Condition 
C.  Within  each  group,  three  orders  of  tin  thri'e  lists  were  used,  1-2-.1, 
2-j-l,  and  3-1-2.  Eight  subjects  wc^re  assigned  to  lach  ordir  within  each 
condition.  Assignment  of  subjects  to  condition  and  to  list  order  followed 
a h 1 ock - randomi zed  schedule  of  the  conditions. 

Resu  1 1 ,s 

Recency  judgments.  The  recency  judgments  were  always  reduci'd  to  re- 
flict  a base  of  eight  (the  number  at  each  lag).  Ik  nee,  a mean  ol  4 would 


k...  y* 


28 


iiidicutt:  chance  responding.  We  may  first  observe  the  upper  panel  in  Figure 
7,  where  exposure  duration  is  related  to  condition.  Altiiougii  the  perfor- 
mance under  Condition  V is  better  tlian  under  Condition  C,  tlie  difference  is 
far  from  being  reliable,  F (1,46)  = 1.20,  £>  .05.  Differences  in  expo.suri 
duration  were  associated  with  differences  in  the  number  of  correct  recency 
judgments  (F  = 17.12),  but  the  interaction  between  exposure  duration  and 
conditions  was  unreliable,  £ (2,92)  = 1.56,  £>  .05.  It  appears  that  our 
concern  about  differences  in  the  retention  interval  as  a function  of  expo- 
sure duration  was  a needless  one. 

flic  lower  portion  of  Figure  7 relates  exposure  duration  to  lag.  The 
dillereiices  as  a function  of  lag  are  quite  apparent  (£  = 33.13).  Neither 
of  the  [)lots  shows  trials  as  a variable,  but  as  usual,  performance  increased 
ovir  trials;  the  mean  values,  summed  across  the  other  variables  were  4.50, 
5.08,  ,ind  5.36  for  the  three  trials  in  order.  None  of  the  interactions 
among  ./ny  of  the  variables  approached  statistical  reliability.  Finally,  we 
could  find  no  effect  of  the  orders  in  which  the  three  lists  were  learned. 

Corre lat ions . The  evidence  as  described  above  seemed  quite  clear  in 
demon:, l rating  that  Conditions  V and  C did  not  produce  differences  of  conse- 
<|ueiicc.  Uiflerences  in  the  length  of  the  retention  interval  inlierent  in 
the  method  used  in  Condition  V had  little  influence  on  performance.  Simi- 
larly, it  appears  that  requiring  the  subject  to  make  simple  arithmetic  cal- 
culations under  Condition  C had  little  influence.  In  a further  effort  to 
dtlect  differences  between  the  two  conditions,  we  calculated  all  possible 
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Tabic  2 

The  First  Niue  Exposures  (i-second  rate)  lor  Eacli  List  ol  Condition  C, 

Experiment  111 


Exposure 

List  1 

List  2 

List  3 

1 

rougli 

f lasli 

great 

2 

4 + 2 = ? 

Hash 

great 

3 

8 - fa  = ? 

1 + 7 = ? 

great 

4 

Taney 

smart 

steal 

5 

2 + 7 = ? 

smart 

stea  1 

fa 

7 - 5 = ? 

4 + 5 = ? 

steal 

7 

c 1 a im 

grown 

event 

8 

5 - 1 = ? 

grown 

event 

9 

3 + 4 = ? 

5 - 3 = ? 

event 

etc  . 

etc  . 

etc  . 

1 


I 


f 

I 


Exposure  Duration  (seconds) 


Figure  7.  Recency  judgments  as  a function  of  exposure  duration  and  variable 
(V)  or  constant  (C)  conditions  (upper  panel),  and  the  relationship  with  lag 
(lower  panel).  Experiment  III. 
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i iiLraconi-l  i t ion  correlations,  wliere  and  list  were  kept  separate,  thus 

allowing  15  different  correlations.  Of  these  15  correlations  lor  Condition 
V,  11  were  reliably  different  from  zero  (£  < .05,  22  £ = .40).  For 

Condition  C,  only  two  of  the  15  were  reliably  different  from  zero.  Whin 
tile  15  correlations  for  each  group  were  aligned  in  two  columns  so  that 
list  length  and  lag  were  matched,  the  correlations  were  higher  in  every 
case  under  Condition  V.  The  mean  £ was  .19  for  Condition  C,  and  .46  lor 
Condi  tie)  n V. 

i'ur  post  hoc  interpretation  of  these  differences  points  to  different 
perlormaiiee  requirements  for  the  two  conditions.  Tlie  performance  require- 
ments were  more  varied  under  Condition  C than  under  Condition  V.  With  the 
l-secoiid  exposure  duration  for  Condition  C,  the  subjects  solved  two  arith- 
metic problems  between  each  word;  with  the  3-second  exposure  duration  the> 
Solved  none.  There  might,  therefore,  be  an  interaction  betwien  subjects 
and  recency  learning  associated  with  tlie  differences  in  the  performanie 
requirements,  and  this  is  rellected  in  the  correlations. 

D i scus.s  ion 

Witli  respect  to  tile  central  purpose  of  the  study,  the  results  were 
unambiguous.  Correct  recency  judgments  Increased  directly  witli  incriasis 
in  ixposure  duration  from  1 through  3 seconds.  The  earliir  1 1 nd i ng  that 
iiosition  judgments  were  not  influenced  by  exposure  duration  clearly  did  not 
hold  lor  the  present  conditions.  There  was  no  clear  evidence  in  our  data 
that  performance  was  a negatively  accelerated  function  ol  exposun  duration, 
fluri  loi'e,  we  tend  to  believe  that  we  would  not  observe  a leveling  oil  by 
5 sieonds,  and  that  tlie  results  of  the  earlier  study  are  not  compatibli 
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witli  those  of  the  present  study.  In  retrospect,  we  have  ret;retted  not  includ- 
ing a condition  which  used  a 5-second  exposure  duration.  Not  having  done  so, 
We  caniiot  conclude  with  certainty  whether  some  disagreement  between  the  two 
studies  does  or  does  not  remain. 

Experiment  IV 

it  has  been  proposed  that  recency  judgments  are  mediated  primarily  by 
a type  of  two-category  classification  learning  (Underwood,  1977).  The  two 
words  witliin  a test  pair  are  said  to  have  been  classified  in  a way  that 
would  produce  direct  temporal  information.  An  item  might  be  classified  as 
falling  ia'o  the  first  half  of  the  list,  or  into  the  second  half  of  the  list. 
Or,  an  item  might  be  classified  as  having  occurred  in  the  early  part  of  the 
list,  or  the  later  part.  For  some  pairs,  the  two  categories  may  be  first  or 
'.icond.  There  may  be  three  categories,  such  as  early,  middle,  late,  but 
whatever  the  categories  to  which  an  item  is  assigned,  at  least  one  word  in 
a test  pair  is  learned  as  belonging  to  a category  that  carries  direct  temporal 
intormalion.  This  theory  was  post  hoc,  and  no  tests  of  it  were  made.  The 
theory  .simply  asserts  that  we  will  understand  how  within-list  recency  Judg- 
ments are  made  by  understanding  how  two-category  classification  learning 
occurs.  Experiments  IV  and  V are  concerned  with  this  theory. 

One  of  the  obvious  implications  of  the  theory  is  that  there  should  be 
an  .ippric  iab  le  corr>lation  between  two-category  classification  learning  and 
r'lciicy  judgments.  As  discussed  in  detail  elsewhere  (Underwood,  1975), 
to  find  a strong  correlation  in  a case  like  this  cannot  be  used  to  support 
the  theory,  but  such  a correl.ition  justifies  further  work  involving  more 
direct  tests  of  the  theory.  If,  however,  the  correlation  is  about  zero. 
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thu  Lliiory  should  be  discarded  at  once.  Our  initial  stei<  was  to  determiiu’ 
the  relationship  across  subjects  between  two-cateyory  c 1 ass i f icat ion  learn- 
ing and  rate  of  acquisition  of  recency  judgments.  We  used  a two-eategoiy 
c 1 ass  i 1 icat  ion  task  and  also  one  that  iniglit  be  described  as  involving  thret 
categories.  Kor  recency  judgments,  we  used  the  list  learned  by  the  subject;; 
in  l.xper  uiient  1,  giving  live  study-test  trials,  just  as  was  done  in  Condi- 
tion KK  of  experiment  1. 

Mel  hod 

h i s t s . Two  lists  (Lists  1 and  2)  of  6U  items  i.ich  wir*.  cunsiructed 
tor  iwo-category  classification  learning.  The  120  words  all  had  lour  let- 
ters, and  the  words  were  assigned  randomly  to  one  ol  two  lists,  L'ach  list 
was  given  a single  study  and  test  trial.  (hi  the  study  trial,  30  of  tlie 
words  wer>.  underlined,  30  were  not.  The  subjects  were  requested  to  learn 
which  items  were  underlined  and  which  were  not.  On  tin  unpaced  test  trial, 
the  t)0  words  were  all  shown  without  underlining,  and  the  subjects  were  ri-- 
(juired  to  make’  a YES-NU  decision  lor  each  word  to  indicate  whether  it  had 
or  had  not  been  underlined  on  the  study  trial. 

l.i  .ts  3 and  4 Were  also  made  up  of  four-letter  words.  For  the  study 
list,  .0  worils  Were  presented,  20  of  them  underlined,  20  not.  After  a 

■ ingli  ;;tiidy  trial,  the  subjects  were  given  an  unpaced  test  consisting  oi 

■ fO  word.  1 rom  the  study  list  plus  20  new  words.  The  subjints  were  asked  to 

i:idi  It'  tin  appropriate  classification  tor  each  item:  YES,  indicating  t he 

: t . r.  We.  in  tin  study  list  and  was  undi'rlined;  NO,  that  the  item  was  in  tlu 

■ t’.dy  li.'.t  hut  was  not  underlined,  and  NISL,  tliat  the  item  was  not  in  the 
liidy  list  . We  will  speak  ot  this  as  representing  the  c lass i 1 i cat  ion  ol 


32 


words  into  one  of  three  categories. 

Procedure  and  subjects.  The  30  subjects  served  in  two  sessions,  these 
two  sessions  occurring  on  two  consecutive  aays.  On  the  first  day,  the  sub- 
jects Were  given  the  four  classification  lists,  all  subjects  receiving  these 
lists  in  the  order  1,  2,  3,  and  4.  On  the  study  trial,  each  word  was  shown 
for  2 seconds.  As  already  noted,  there  was  a single  study  trial  followed 
by  an  unpaced  test  trial.  On  the  test  sheet  for  each  list,  the  order  of 
the  test  words  differed  from  the  order  used  on  the  study  trial.  The  recency 
learning  was  given  on  the  second  day.  All  procedures  for  recency  learning 
were  exactly  the  same  as  for  Condition  RR  in  Experiment  1. 

Results  and  Discussion 

The  two-category  classification  tests  were  scored  to  indicate  the  total 
errors.  For  Lists  1 and  2,  the  total  consisted  of  the  misses  plus  the  false 
alarms  on  those  words  that  were  not  underlined  on  the  study  trial.  The  means 
and  standard  deviations  were  12.97  (5.44)  for  List  1,  9.50  (6.47)  for  List 
2.  The  difference  between  the  two  means  indicates  learning-to-learn  and 
was  reliable  (^  = 3.30).  The  totals  for  List  3 and  List  4 consisted  of  the 
misses  on  items  which  were  underlined,  false  alarms  on  old  items  that  were 
not  underlined,  and  false  alarms  on  new  items.  The  means  were  23.56  (7  67) 
and  21.63  (7.85)  for  Lists  3 and  4 in  order.  Because  the  total  number  of 
errors  possible  was  equivalent  for  all  four  lists,  it  is  evident  that  classi- 
fying words  into  on-  of  three  categories  (Lists  3 and  4)  was  more  difficult 
than  classifying  them  into  two  categories  (Lists  1 and  2). 

I’he  correlation  between  the  scores  on  Lists  1 and  2 was  .56;  that  be- 
tween Lists  3 and  4 was  .60.  Furthermore,  the  two  types  of  lists  did  not 


correlate  highly;  the  combined  scores  for  Lists  1 and  2 and  those  for  Lists 
3 and  4 produced  a correlation  of  .48.  The  reliability  of  the  recency  scores 
was  determined  by  the  correlation  between  trials  1,  J,  and  5 combined,  witli 
that  for  trials  2 and  4 combined.  The  value  was  .85. 

The  critical  correlations  are  those  between  the  scores  on  the  class  it i- 
cation  tasks  and  those  on  the  recency  task.  The  correlation  betwci'n  tlie 
combined  scores  on  Lists  1 and  2 and  the  number  of  correct  recency  judgments 
was  .69  The  value  relating  Lists  3 and  4 and  recency  scores  was  .35.  Tims, 
the  dat.i  indicate  a strong  relationship  between  the  two-category  task  (Lists 
1 and  2)  and  recency  judgments  (£  < .01).  For  three  categories,  the  corre- 
lation would  not  be  judged  to  be  significantly  different  from  zero,  although 
the  two  correlations  (.69  and  .35)  were  not  reliably  different. 

We  will  conclude  that  it  is  not  unreasonable  to  suppose  that  tlie  two- 
category  classification  task  represents  a paradigm  that  might  also  be  in- 
volved in  acquiring  recency  judgments.  Clearly,  the  scores  on  the  two- 
category  classification  tasks  correlated  highly  with  the  scores  on  the 
recency- learni ng  task.  .lust  why  the  classification  into  three  categories 
dll  fetid  Irom  the  classification  into  the  two  categories  is  not  known,  and 
will  not  bn  I ome  a matter  for  further  investigation  liere . 

Experiment  V 

The  major  purpose  of  this  experiment  was  to  test  the  idea  tliat  recency 
judgments  are  based  on  a form  of  two-category  classification  learning.  In 
this  experiment,  tile  subjects  first  learned  to  make  recency  judgments.  Then, 
on  a transfer  test,  the  recency  lists  were  changed  into  a two-category  class! 
tication  list  in  which  the  correct  items  on  tlie  recency  test  became  the  under 
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lined  items  on  the  classification  task,  and  the  incorrect  items  on  the  recency 
test  became  nonunderlined  items  on  the  classification  task.  If  the  theory  is 
correct,  transfer  between  the  two  tasks  should  be  heavy  and  positive.  A 
control  baseline  was  established  by  groups  having  an  irrelevant  recency  t.isk 
prior  to  learning  the  two-category  classification  task. 

We  have  seen  that  in  three  experiments  (I,  II,  III)  lag  length  was 
directly  related  to  recency  learning.  In  an  earlier  study  (Underwood,  1977, 
Experiment  11)  we  found  no  effect  of  lag  on  recency  judgments.  We  have  been 
unable  to  offer  a reasonable  hypothesis  for  the  contradictions  across  ex- 
periments. One  quite  remote  possibility  was  differences  in  word  frequency 
between  the  earlier  experiment  and  the  present  ones.  Nevertheless,  because 
we  wanted  to  study  the  influence  of  word  frequency  anyhow,  we  have  included 
this  in  the  present  study.  There  is  evidence  (Zimmerman,  Shaughnessy,  6. 
Underwood,  1972)  that  associations  among  words  in  a two-category  classifica- 
tion task  does  not  influence  the  rate  of  acquisition.  A variation  in  word 
frequency  is  an  indirect  way  of  manipulating  the  number  of  interitem  associa- 
tions among  words  within  a list.  Insofar  as  a word  - frequency  effect  is  de- 
pendent upon  interitem  associations,  and  insofar  as  recency  judgments  are 
based  on  two-category  classification  learning,  we  would  not  expect  word  fre- 
quency to  have  an  influence  on  either  the  recency  learning  or  the  two-cate- 
gory  classification  task. 

Method 

Lists . There  were  four  frequency  levels,  each  represented  by  60  words. 

In  order  to  keep  the  lists  as  homogeneous  as  possible  on  factors  other  than 
frequency,  we  placed  further  restrictions  on  the  words.  First,  all  words 
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had  four  letters.  Second,  ail  words  were  nouns,  although  this  did  not  mean 
that  they  could  not  function  as  verbs.  Third,  the  nouns  were  as  concrete 
as  was  possible  (according  to  our  judgment).  The  four  Irequency  levels  were 
defined  by  Thornd ike-Lorge  (1944)  as  follows:  FL-1  was  made  up  of  words 

liaving  Irequencies  of  from  1 through  5 (G  count);  in  FL-2  the  words  liad 
irequencies  of  from  10  through  15;  for  FL-3,  the  irequencies  ranged  from  20 
through  49,  and  for  FL-4,  all  words  were  AA. 

The  words  were  placed  randomly  in  the  lists,  and  the  pairs  were  cliosen 
for  the  rt!cency  tests  so  that  three  lag  levels  were  defined,  with  10  jiairs 
representing  each  lag.  The  lag  levels  were  short  (2,  3,  or  4),  medium  (10, 
11),  or  long  (30).  All  60  words  in  the  lists  were  tested,  i.e.,  there  wt ri 
no  primacy  or  recency  buffers. 

The  two-category  classification  lists  were  constructed  irom  the  same- 
words  used  to  form  FL-1  and  FL-4.  Tlius , the  classification  tasks  were  rep- 
resented only  by  the  two  extremes  of  frequency.  For  these  lists,  the  30 
words  wiiich  were  correct  in  the  recency  pairings  were  underlined  on  the 
study  trials,  and  those  that  were  incorrect  were  not  underlined. 

I'rocedure  and  subjects.  Tliere  were  four  groups  of  20  subjects  each, 
as.'.igiud  to  conditions  by  a block-randomized  schedule.  The  initial  conditions 
consi'.tid  ol  the  recency  learning  as  a function  of  four  frequency  levels,  one 
group  biing  assigned  to  each  level.  There  were  four  study-test  cycles,  with 
the  words  being  presented  at  a 3-second  rate  on  tlu-  study  trials.  The  tests 
lor  recency  discrimination  were  unpaced.  The  order  of  the  pairs  on  the  ti^.t 
.duet;,  differid  for  each  of  the  four  test  trials. 

Wi  will  idenlily  each  group  in  terms  of  the  frequency  level  ol  tlie 
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first  List  (recency- judgment  list).  Groups  FL-1  and  FL-2  were  both  given 
tJie  two-category  classification  task,  using  the  FL-1  words  used  for  recency 
judgments;  Groups  FL-3  and  FL-4  were  both  given  the  two-category  classifica- 
tion task  using  the  FL-4  words.  Thus,  Groups  FL-1  and  FL-4  should  show 
positive  transfer  to  ttie  classification  tasks  from  the  recency  lists  if 
recency  discrimination  is  a case  of  two-category  learning.  Group  FL-2 
Served  as  a control  baseline  for  Group  FL-1  on  the  two-category  task,  and 
Group  FL-3  served  as  thfe  control  for  Group  FL-4.  Finally,  a direct  compari- 
son between  Groups  FL-3  and  FL-2  on  the  two-category  classification  cask 
would  tell  us  if  extreme  differences  in  word  frequency  influenced  learning. 

All  subjects  were  given  two  study-test  cycles  on  the  two-category 
class i t ication  lists.  The  study  trials  were  conducted  at  a 3-second  rate, 
and  tile  test  trials  were  paced,  using  the  same  rate.  The  subjects  responded 
YES  or  NO  to  each  item  to  indicate  whether  it  had  or  had  not  been  undtr- 
lined  on  the  test  trials.  It  seemed  necessary  to  use  the  paced  test  to 
previ’iit  tile  subjects  from  reconstructing  the  recency  list  and  then  deriving 
c 1 ass i 1 i cat  ion  information  from  the  reconstructed  list.  The  subjects  were 
fully  informed  concerning  the  nature  of  the  two-category  classification  test 
prior  to  the  first  study  trial  and  again  before  the  first  test  trial.  The 
subjects  in  Groups  F’L-1  and  FL-4  were  not  told  that  the  underlined  words  in 
the  classification  task  were  the  correct  words  for  the  recency  pairs.  A 
different  order  of  the  words  was  used  on  each  of  the  four  trials  (two  study 
and  two  test)  for  the  two-category  classification  task. 

Resul ts 


Recency  judgments.  Word  frequency  did  not  have  a reliable  influence 
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on  the  recency  judgments.  The  mean  correct  recency  judgments  per  trial 
(with  standard  deviations)  for  Groups  FL-1  through  FL-A  were  6.98  (.75), 

6.89  (.81),  b.90  (.99),  and  6.27  (1.06).  Because  the  means  are  based  on  10 
recency  tests,  the  values  can  be  changed  to  percentages  by  moving  the  decimal 
point  one  place  to  the  right.  Both  lag  (F  = 75.82)  and  trials  (F  = 35.51) 
produced  reliable  effects,  and  the  interaction  between  the  two  can  be  ct>n- 
sidered  reliable,  F (6,456)  = 2.50,  £ < .05.  The  results  for  these  two 
variables  are  plotted  in  Figure  8.  As  may  be  seen,  the  statistical  inter- 
action between  the  two  variables  does  not  appear  to  be  one  with  systematic 
importance . 

Two-category  classification.  It  will  be  remembered  that  on  the  two- 
category  classification  task.  Group  FL-2  served  as  the  control  for  Group 
FL-1,  and  Group  FL-3  served  as  the  control  for  Group  FL-4.  The  mean  perlor- 
mance  measures  are  shown  in  Figure  9,  with  the  scores  for  the  two  groups 
tested  on  low-frequency  words  being  in  the  left  panel,  the  scores  for  thi 
two  groups  tested  on  high-frequency  words  being  in  the  right  panel.  Since 
there  were  60  items  on  the  classification  task,  the  scores  range  roughly 
I rom  67/  correct  to  887,  correct.  A correct  response  was  identified  as 
responding  YES  when  a word  had  been  underlined  and  NO  when  it  had  not  been 
underlined  on  the  study  trial.  The  surprising  fact  shown  by  these  data  is 
that  the  transfer  was  negative;  performance  on  the  classification  task  was 
retarded  by  having  it  made  up  of  words  which  had  previously  appeared  in  the 
n cincy-d iscrimination  task.  This  was  true  in  spite  of  the  fact  that  all 
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underlined  words  on  the  classification  task  had  been  correct  words  for  the 
recency  discriminations.  The  negative  transfer  effect  was  reliable,  F (1,7b)  = 
5.72,  £ < .02,  and  although  the  amount  of  negative  transfer  appears  less  for 
the  low-frequency  words  (left  panel)  than  for  the  high-frequency  words  (right 
panel),  the  interaction  was  not  reliable,  F (1,76)  = 2.08,  £>  .05.  In  any 
absolute  sense,  the  negative  transfer  was  not  great,  but  that  no  positive 
transfer  was  observed  is  obviously  very  troublesome  for  the  theory  wliich 
presumes  that  recency  discriminations  represent  a form  of  two-category  classi- 
frcation  learning. 

One  other  fact  given  in  Figure  9 must  be  mentioned.  The  difference 
between  Groups  FL-2  and  FL-3  is  small  and  nonsignificant  statistically. 

I'he  two-category  classification  task  given  Group  FL-2  was  made  up  of  low- 
frequency  words,  the  task  given  Group  FL-3  was  made  up  of  high-frequency 
words.  The  implication  is  that  word  frequency  does  not  influence  two-cate- 
gory classification  learning. 

Gorrelations . The  theory  that  recency  discrimination  fits  the  para- 
digm of  the  two-category  classification  task  leads  to  the  expectation  that 
the  correlation  between  recency  scores  and  classification  scores  should  be 
very  high.  The  correlation  for  Group  FL-1  was  .29,  that  for  Group  FL-4, 

.55.  Tile  theory  could  probably  tolerate  the  second  correlation,  but  cer- 
tainly not  the  first.  Experiment  IV  showed  that  tlie  skills  involved  in 


ie.irning  recency  judgments  were  rather  highly  correlated  with  the  skills 
involved  in  classification  learning.  Groups  FL-2  and  FL-3  provide  further 
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Figure  9.  Transfer  from  recency  judgments  to  two-category  classification 
learning  of  the  same  words  as  related  to  frequency  level  and  trial  on  the 
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Lusts  of  this  relationship.  For  FL-2,  the  correlation  was  .bi,  for  FL-i,  .31. 
U iscuss Ion 

IVo  findings  seriously  question  the  idea  that  tlie  learning  of  recency 
discriminations  is  to  be  understood  by  studying  the  learning  underlying  tlie 
two-category  classification  task.  The  first  finding  is  the  failure  to  find 
positive  transfer  from  recency  learning  to  two-category  lcc»rning.  Fven  ii 
several  different  categories  were  used  to  classify  items  in  learning  recency 
discriminations,  it  seems  to  us  that  the  category  label  representing  the 
most  recent  item  in  a pair  could  be  translated  readily  into  the  appropri.it ( 
category  (underlining)  on  the  two-category  classification  task.  Strangtly 
enough,  the  fact  that  there  was  negative  transfer  might  be  viewed  as  being 
more  t.ivorable  toward  the  theory  than  would  be  true  had  there  been  no  trans- 
Kr  of  any  kind.  The  negative  transfer  indicates  tliat  the  two  tasks  made 
contact  in  some  way;  the  associations  involved  in  both  tasks  had  some  over- 
lap. Nevertheless,  the  nature  of  the  overlap  does  not  follow  that  expected 
by  our  thinking. 

The  second  finding  which  is  difficult  for  our  tlieory  is  the  relatively 
low  correlation  between  the  scores  for  the  two  types  of  le.irning  lor  tiroup 
f'L-l.  it  must  necessarily  follow  from  the  theory  that  a subject  who  le.irns 
recency  discriminations  rapidly  must  also  learn  the  two-category  classiliea- 
t ion  task  based  on  the  same  items  rapidly,  and  this  was  not  lound. 

11. id  the  basic  evidence  been  in  support  oi  our  theory,  we  could  pciint 
also  to  tlie  fact  that  word  frequency  had  no  influence  on  either  recency 
discriminations  or  on  two-category  classification  learning  as  supporting  the 
idea  Lh.it  the  two  tasks  have  high  commnna 1 i Ly . But,  without  direct  support 
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lor  thf  tlieory,  the  lack  ot  an  elfect  of  word  frequency  on  the  two  tasks 
carries  little  theoretical  weight. 

Experiment  VI 

We  have  seen  that  the  acquisition  of  recency  discriminations  between 
two  words  within  a relatively  long  list  is  probably  not  a special  case  of 
liarning  a two-category  classification.  In  the  present  experiment,  we  will 
make  .1  test  of  a second  tlieoretical  notion  proposed  in  an  earlier  report 
(Underwood,  1977).  It  was  assumed  that  temporal  discriminations  between 
•uid  within  lists  are  primarily  derived  from  associative  learning.  Tlie  idea 
that  within-list  recency  discriminations  result  primarily  from  two-category 
classification  learning  was  an  attempt  to  be  more  specific  about  the  nature 
of  the  .issociative  learning  involved.  To  say  that  temporal  codes  are  pri- 
marily mediated  by  associative  learning  indicates  that  a second  factor  is 
involvid.  We  have  called  this  second  factor  the  recency  principle.  This 
principle  simply  states  that  immediately  after  the  presentation  ol  an  item, 
tile  temporal  discrimination  between  it  and  all  items  preceding  it  is  per- 
fect, but  that  as  time  passes,  the  temporal  d iscrimination  becomes  less  and 
less  reliable. 

I'he  recency  principle  presumes  that  information  for  temporal  d iscr  uni  n.i- 
tion  is  giva-n  directly  in  the  memory  and  is  not  basi^d  on  assoi  iativi-  learn- 
ing,. in  this  sense  it  is  a primitive  mechanism  wlifch  establishes  somt  de- 
gri'  ol  orderliness  in  memory  functioning.  I'or  the  prmeiplt  to  be  maxi- 
mally useful,  the  rate  at  which  frequency  Inlormation  is  lost  should  be 
spec  i I led.  W.  believe  that  very  short  intervals  .ire  involved  in  that  tlu 
event  whicti  is  most  recent  (in  fact,  and  i i;  memory)  will  normally  be  re- 
plactd  by  .mother  event  within  a lew  seioiids.  Uijwi  vt  i , this  loss  it.  prob.ibly 
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ill!  lucnccd  by  die  nature  of  the  activity  whicli  occiiry  after  the  appearance 
of  the  critical  event.  Tluis,  the  loss  of  recency  may  occur  witliin  a lew 
seconds,  and  may  be  due  to  a fading  witli  Lime,  to  a fading  produced  by 
other  events,  or  to  both. 

Wc  do  not  tliink  there  is  a perfectly  appropriate  way  to  produce  empiri- 
lal  tvidtiice  lor  t^ie  gradient  describing  the  loss  in  recency  over  Lime, 
the  basic  idea  would  be  to  Cry  to  show  that  il  the  subject  is  shown  a seriis 
ol  items  ending  with  X,  the  recency  discrimination  between  X and  the  piiviou;. 
items  would  be  perfect  at  a /.ero-retent  ion  interval,  but  would  fall  a;;  the 
interval  increases.  The  problem  arises  in  deciding  what  the  subjeit  ,,lu  aid 
be  required  to  do  during  the  retention  interval,  and  we  could  lind  no  solu- 
tion which  appeared  entirely  satisfactory  to  us.  In  the  end,  we  diose  not 
to  fill  the  inti’rval  with  extraneous  activity,  but  at  the  same  time  wi  arranged 
the  tests  bo  that  the  subject  could  not  anticipate  tests  on  particul.ii  1 1 1 lUs  . 
Method 

b.isic  de.sign.  The  lists  all  consisted  ol  10  words,  and  tlie  ceiitr.il 
interest  was  directed  at  the  recency  judgments  in  wliieli  the  10th  word  was 
involveil.  The  memory  drum  was  set  for  a d-second  rate.  Following  tin 
.i[)pe.irance  of  the  10th  word,  the  drum  continued  to  turn  and  the  iveiits  were 
.IS  lollows  tor  the'  successive  positions:  11th,  recency  test;  12th,  blank; 

ll,  re.  eiuy  test;  lAth  .and  15th,  blank;  Ibth,  recency  test;  I7ch,  Ibth,  IVth, 
bl.uik;  20th,  recency  test;  21st,  blank;  22nd,  the  word  S I'UDY  appe.ired,  and  on 
the  next  ex[)osure  the  first  word  from  another  list  ol  10  worils  was  shc>wn . 

A.s  . .in  be  seen,  four  recency  tests  were  given  for  each  list,  hence,  8 ol 
(hi  10  words  in  each  list  were  tested.  The  lour  recency  ti.sts  ociurred  0, 


1)  . and  2 7 seconds  .ifter  the  appearance  oi  the  10th  word.  One  ol  tlies 
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LfSts  always  Involved  the  lUtli  word,  and  across  lists  the  10th  word  was 
tested  equally  often  after  each  of  the  four  retention  intervals.  Our  major 
interest,  of  course,  was  in  the  change  in  the  number  of  correct  recency 
judgments  as  the  retention  interval  became  longer  and  longer.  The  recency 
principle  assumes  tliat  with  the  zero  interval  performance  will  be  essentially 
perfect.  The  critical  question  concerns  the  rate  of  fall  in  the  number  oi 
correct  recency  judgments  over  time. 

Lists . Each  subject  was  given  64  lists,  and  since  the  10th  item  w.is 
always  tested  for  each  list,  there  were  16  tests  at  each  of  the  four  reten- 
tion intervals.  On  the  recency  tests  the  10th  item  was  paired  with  the  yth, 
8th,  6th,  and  3rd  items,  each  for  an  equal  number  of  times.  Thus,  the  lag 
and  the  retnetion  interval  were  orthogonal,  and  produced  16  different  condi- 
tions. However,  there  were  only  four  different  items  in  each  of  the  lb 
conditions  and  our  intent  was  not  to  be  concerned  with  the  influence  ol  lag 
var iab le . 

All  of  the  words  contained  four  letters  and  were  assigned  to  lists  and 
to  positions  within  the  lists  on  a random  basis.  After  the  two  items  for 
the  critical  test  had  been  selected  for  each  list,  three  additional  recency 
tests  were  devised  by  drawing  three  additional  pairs  randonily  irom  among 
the  eight  remaining.  These  pairs  were  in  turn  assigned  randomly  to  tiu'  thret 
remaitiing  retention  intervals. 

Procedure  and  subjects.  The  experiment  involved  a single  group  ot  20 
subjects,  and  all  were  tested  by  a single  experimenter.  We  had  anticipated 
th.it  subjects  might  have  difficulty  responding  on  the  recency  tests  within 
the  > :>i  cond  rate  period.  Therefore,  subjects  wire  given  practice  on  three 
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lists.  We  were  prepared  to  give  additional  practice  lists  il  iieided  but 
this  was  found  to  be  unnecessary.  The  subjects  were  given  32  experimental 
lists  on  the  first  day  and  then  returned  the  following  day  for  completion 
of  the  remaining  lists.  A short  rest  period  was  given  after  each  block  of 
four  lists.  The  order  in  which  the  lists  was  given  was  the  same  for  all  20 
sub jec  ts . 

Resu Its 

Tile  recency  judgments  involving  the  10th  item  at  each  retention  interval 
are  shown  in  Figure  10,  expressed  as  percent  correct.  Nine  of  the  20  sub- 
jects failed  to  perform  perfectly  on  all  16  tests  with  the  zero-retention 
interval,  but  performance  was  near  perfect  for  the  group  (9b7L).  Alter  a b- 
second  retention  interval,  there  was  a drop  of  approximately  30%,  but  no 
turther  drop  of  consequence  occurred  as  the  interval  lengthened  beyond  6 
seconds.  Overall,  the  differences  among  the  four  intervals  was  reliable, 

F (3,37)  = 36.23,  £ < .01.  We  interpret  these  data  to  support  the  basic 

idi.i  of  the  recency  principle.  Furthermore,  the  data  suggest  that  when 
responding  based  on  the  recency  principle  is  lost,  it  is  lost  completely; 
pi  rlormanci.  does  not  change  over  the  longer  retention  intirvals.  We  do  not 
know,  of  course,  whether  the  loss  was  entirely  time  deptiideiu  or  whether  it 
w.is  proiluced  by  the  recency  test  given  at  the  zero-retc  (it  i on  interval,  t>r 
by  some  combination  of  the  two. 

It  was  suggested  elsewhere  (Underwood,  1977)  that  the  recency  principle 
w.is  probably  not  all  or  none,  meaning  that  an  item  that  was  next  to  the  last 
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itmi  ill  lioC  might  show  a recency  efiecL.  Thus,  in  the  present  experi- 

ment, this  would  mean  that  recency  tests  at  the  zero-retention  interval 
would  be  more  frequently  correct  when  the  9th  item  and  an  earlier  one  con- 
stituted the  test  pair  than  when  the  8th  item  plus  an  earlier  one  constituted 
the  test  pair.  We  have  made  a test  of  this.  We  examined  all  recency  tests 
in  which  tlie  9th  item  was  paired  with  one  from  positions  1 through  8 (tlure 
were  11  such  cases),  chose  in  which  the  8th  item  was  paired  with  one  Irom 
positions  1 through  7 (9  cases),  and  those  in  which  the  7th  item  was  pa i rid 
with  one  from  positions  1 through  6 (12  cases),  and  for  whicli,  in  all  lascs, 
the  zi ro-retention  interval  was  Involved,  i.e.,  the  recency  test  was  given 
immediately  after  the  presentation  of  the  10th  word.  The  percent  correct 
recency  judgments  for  these  three  cases,  plus  Chose  for  the  words  in  posi- 
tion 10,  are  shown  in  Figure  11.  The  baseline  shows  the  study  position  ot 
the  correct  word.  There  is  certainly  no  evidence  that  a recency-like  eflect 
held  for  items  that  occurred  prior  to  the  10th  item  in  the  study  lists. 
Appari.nt ly , the  occurrence  of  the  10th  item  in  the  study  list  destroys 
recency  information  for  Che  9th  item. 

It  sliould  be  mentioned  that  the  above  represents  a strong  test  of  the 
role  ol  recency  for  other  than  the  last  item.  The  mean  lags  between  the  two 
itiiiis  in  the  test  pairs  necessarily  decreased  a little  as  Che  position  of 
ihe  correct  item  moved  further  and  further  back  in  the  list  (from  9,  to  8, 
to  7).  This  could  have  decreased  performance  correspondingly,  resulting  in 
a gradient  extending  across  all  four  points  in  Figure  11.  This  obviously 
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did  not  happen. 

We  have  examined  tlie  recency  judgments  on  all  of  the  noncritical  items, 
hut  the  only  fact  that  miglit  seem  somewhat  surprising  was  the  complete  Lu  k 
of  any  effect  of  the  length  of  the  retention  interval.  There  was  simply  no 
relationship.  For  example,  we  may  give  the  values  when  the  item  in  position 
7 of  the  study  list  was  the  correct  (most  recent)  item.  The  correct  recency 
judgments  were  80,  73,  73,  and  787,  for  the  lour  retention  inttrvals  in  ordi-r. 
IJ  iscuss  ion 

We  conclude  that  this  experiment  shows  the  presence  of  a short-term 
component  involved  in  recency  judgments,  a component  which  is  consistent 
with  the  basic  idea  of  the  recency  principle.  We  emphasise  that  our  ri’sults 
do  not  determine  whether  the  loss  of  recency  of  tlie  short  term  kind  is  due 
to  being  tested,  or  whether  it  is  entirely  time  dependent.  If  it  is  entirely 
time  dipindeiit,  the  time  span  over  which  it  operates  is  shorter  than  we  had 
originally  contenplated . There  was  simply  no  influence  produced  by  the 
rt tent  ion  interval  beyond  6 seconds  regardless  of  the  position  in  the  study 
list  111  Id  by  the  correct  item.  It  may  be  noted  that  Brown  ( 1973),  using 
pictures  as  the  stimuli,  found  performance  on  recency  judgments  to  decri.ise 
as  the  ri'teiition  interval  incnased,  but  this  was  with  a [irocedure  in  which 
the  intervals  were  tilled  with  new  items  which  the  subjects  were  to  ninember. 

ihe  Lvidence  has  suggested  that  the  recency  principle  as  it  was  mani- 
fested in  our  data  was  something  of  an  all-or-none  affair.  All  loss  ol 
reecnty  occurred  within  6 seconds,  and  there  was  no  furtlier  loss  beyond  that 
point.  Unless  the  item  was  last  in  the  study  list,  no  loss  could  be  attri- 
buitd  to  a recency  effect.  Thus,  an  item  in  position  nine  in  tlie  study  list 
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bliowfd  uo  evidence  oi  lot>b  over  Lime.  Wi;  rather  buspcct  that  tiu  all-or- 
iione  like  cliaracteristicb  will  not  always  be  found. 

General  Discussion 

The  data  l)ave  sliown  that  lag  judgments  are  very  poor  response  measures 
£or  indexing  temporai  coding.  Although  our  subjects  did  show  a small  amount 
of  learning  reflecting  differences  in  lag  lengths,  only  the  magnitude  ol  the 
judgments  lor  long  lags  increased  appropriately;  the  magnitude  of  tlu  judg- 
ments tor  the  short  lags  did  not  decrease  as  they  should  havt  if  the  sui)jects 
recognised  that  their  earlier  judgments  had  been  too  long.  In  spite  of  the 
poor  performance  shown  by  the  subjects  when  making  lag  judgments,  they 
acquired  a great  deal  of  knowledge  about  the  temporal  relationship  of  the 
items  in  the  list.  This  was  shown  by  the  heavy  positive  transfer  when  sub- 
jects Were  switched  from  lag  judgments  to  either  recency  or  position  judg- 
ments. In  some  cases  the  transfer  was  essentially  complete,  i.e.,  while  the 
subjects  were  struggling  with  lag  judgments  they  learned  as  much  about  the 
order  of  the  items  in  the  lists  (as  measured  by  recency  judgments)  as  did 
the  subjects  who  made  recency  judgments  at  all  times.  As  a performance 
measun  , the  lag  judgment  simply  does  not  reflect  the  information  which  the 
subjett.s  have  acquired  about  the  temporai  relationships  of  the  items  within 
Liu  list. 

Wi'  had  assunied  that  recency  judgments  are  mediated  by  two  factors.  Une 
'■’t  these  factors  consists  of  associative  learning.  In  some  cases  this  is 
serial  learning,  although  we  did  not  study  this  matter  directly  in  the 
present  expiriments.  lt\  other  cases,  which  are  probably  more  typical,  we 
assumid  that  recency  judgments  result  from  a learning  to  categorize  each 
item  into  one  ol  a limiLid  number  of  categories  specilying  a tiiiiporal  dimin- 


sion  directly  or  indirectly.  Usually  the  dimension  is  represented  by  only 
two  categories,  such  as  early  and  1 a 1 1- . We  hud  been  led  to  this  idea  in 
part  because  ol  an  earlier  study  (Underwood,  1977)  in  which  it  was  found 
that  lag  length  did  not  relate  to  the  number  of  correct  recenc;,  judgments. 
Four  of  the  present  experiments  showed  that  lag  length  was  related  to  the 
number  of  correct  recency  judgments,  and  we  have  not  discovered  why  the 
earlier  experiment  should  have  differed  on  this  matter.  In  any  event,  our 
notion  was  that  the  associative  learning  involved  in  acquiring  tempor.il 
codi'S  lor  items  within  a list  was  a form  of  two-category  classification 
learning.  This  possibility  was  heightened  by  the  fact  that  pi-rlormance  in 
learning  recency  judgments  correlated  with  performance  in  learning  a two- 
category  classification  task.  However,  when  (Experiment  V)  we  made  a direct 
test  ol  the  theory,  it  was  found  to  be  wanting.  We  must  conclude  that  the 
evidence  does  not  allow  us  to  maintain  the  idea  that  the  associative  learn- 
ing in  within^list  temporal  coding  can  be  described  in  the  same  way  We  wi>uld 
describe  tile  learning  which  occurs  when  the  subjects  learn  to  classity  evints 
into  one  of  two  categories. 

ihe  second  factor  which  we  believe  must  be  considered  in  trying  to 
understand  tejuporal  coding  is  a very  short  term  factor  which  we  have  said 
repi'i  sc  nts  a recency  principle.  The  evidence  from  Experiiiunt  VI  makes  it 
re.isonable  to  conclude  this.  Nevertheless,  it  will  be  necessary  in  the  long 
run  to  .issess  the  degree  to  which  the  gradient  resulting  trom  the  recency 
principle  is  purely  time  dependent  and  the  degree  to  which  it  can  be  changed 
by  otlnr  activites. 

As  explained  elsewhere  (Underwood,  1977),  our  original  interest  in 


temporal  coding  arose  because  of  the  role  we  found  it  playing  in  proactive 
inhibition  between  lists.  As  frequently  happens,  the  interest  in  the  issues 
involved  in  temporal  coding  per  se  has  come  to  be  self-sustaining  without 
referring  them  to  proactive  inhibition. 
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